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OPTICAL PUMPING OF THE POLARIZED H-
ION SOURCE AT LAMPF

D. R. Swenson, D. Tupa, O. B. van Dyck,

Los Alamos National Laboratory, Mail Stop H838, Los

Abstract

We report experiments to underrntand the Imer optical

pumping efllciency for the OpticaUy Pumped Polariwl Ion

Source (OPPIS) at, LAMPF. We have meaaured ion beam

polarisation and current vs. l~r power and pot-ium

vapor thickness in order to understand the dependence of

source performance on lMer power and other pmameters.
Attempts to fit the data with simple scaling models to

●valuaco projected performance improvement are shown.
Development of economical ways to make more ●fficient
use of ●vailable laser power are described.

1 Introduction

The H- current from OPPIS [I] is an increuing function

of the optical pumping target thicknem. However, thicker

targets require more ber power to achieve the emne degree

of polarization, Thus, optimizing oourcc performance (in

Iaruo of some figure of merit combining curmrt and p-

Iarhtion) requirp~ determining the optimun !hieknem for

the ●vailable Iaaer power, or ~tated ditlerently, detmmining

the Iaaer power rreceacary to reach oome performance level,

Section 2 shows meuurements from the LAMPF OPPIS

addreuing thcte istuea.

The target polarisation it determined by quilibrium be-

tween the rate of polarisation by optical pumping, and

the rate of depolsrisation by wall colllaions. These fac-

toro alone give s simple model of optical pumping which

can bc useful for understanding qualitative f~aturee of the

ntoaourements; thit is dhcumed in Section 3, Section 4
deacribeo modification- of our Tl:sapphire Iaoer systeIn to

realhe the benefit- of higher Iwr power,

2 Nuclear polarization vs. laser
power and target thickness

For hlch.duty.factor to’lrcec, available Leer powm in criti-

cal to eourc? perfornmrcc. Fig. I show~ H - nuclem polar.

isation, mcmured al the 800-MQV polarin~ct~r, u m func-

tion of lacer pow~r for diffcrcni target tcmprratur?s Data

for Iascr powm IMB than 5 W WAJ tak~n with onc Ia.mr AII(I

and R. L. York
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a varir, ble attenuator, while powers greater than 5 W w~r~

obtained with two luerm, The laaer powers quoted w*r-

meuurerl in the Iuer lab before the beam wu transpnrtd
to the cell; we e~timate that 75+1070 of the i~~r light

reachet the cell, Although Iuer powers abov~ 4 W afThrd

only a modest gain in polarisation, a thicker tarRct cnn h<

polarised; the H - current incre~ec 3070 by cliangina the

iarget temperature from 14 l°C to 150”CI = u
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current were nle~ured ~or difierent tar~et ten~pera~urcs.

The quoted target thick.lease~ are accurate to +20% anJ

were determined trom the ten.rperature using a vapor pres-

sure curve and a fit to Faraday rotation nleaauren~cnts.

The H- beans currcrrto WCTC lnc~ured at 750 keV and

were lin~ited to less than our typical values (25 PA peak at

5 x 10’3 cm-]) because all parmlletcrs were not optinlhcd,

The current nleasurcmen.s above 5 T 1013 Cm] show an

anomalous l~cr-induced effect [2] and a,e not included.

The n~uin]ul~t polarisation w~ cbttined for thickneoseo

leu than 4.0 x 1013 cnl-2 ~<137° C) while the best P]l

was achieved at approfinlalely 5 x 1013 Cnl-] ( 140° C). In

sut,sequent experin)ents, finer adjustments of the l~er d-

Iowed us to achieve 57% polarisation at 5,3 x 1013( 141’C).

It should be noted that the n,casurenlents In Fig. 2 were

lnade using a 7-n)n]-dianleter ion beam and a 10-cnl-long

vapor cell, while those of Fig. 1 were with a 5- InnI bcaln

aud a 16-C III cell. The higher polarisation shown in the

earlier figures u related to the snlaller ion bealn sise M

c~plained in the companion paper [3]

,,

. “.

.

.

,.
●

(1

! ?

Figure 2 Nucl~ar

target thick neus.

1.
m

. P
.

,.

Tr’&dud’m”’)”

,.—

.

*

1—

0.0

8.9 !

0

polar lsation P, current I, and P] I VI

transnlitt~u Is cr ~ow~r:

(1)

(2)

3A}, v
15=—

u, r
(1)

where 10 LOthe incident liner power, IL is tht laser powrr n(-

tcr passing through the vapor, 1, is the “saturation power, ”

p~ is the thickness of the vapor, 6, is the eflwtivc crn~~

~ection for Iucr absorption, PN is the H- nucltar polnr -

imation, a is the polarisation trannfer efficiency, ~ i< tllr

av~rage polarlsation in the vap~r, A irn th~ area of Ill?

beam, and T i~ the relaxation time of the polaris~tioll,

Fig. 3 shown a tit of the polarisation and l~er tran~nli<-

sion data from Fig, 1 at 1410C to the tw~levcl Inoclrl of

the optical punlping. For these data the fitis quite good,

The values for the fit are 13= 170 nlW, u.pL/2 = 8.8 atld

a = 0.67. Fitting the data fnr the higher target tcl]lpcr -

atures gave erratic resultt and it u not clear WI thcr ~llc

problenl waJ in the sccuracy of the data or a brcakclowll ill

the assumptions of the Illodel; this rellltino to b? rxplorcd

further

A Spin flip with two lasers

To r~alise the bcn~flts of higher laser power, WF ~r

vcloping a tyrtenl to use both Iuers to pUIIIp both

slstes,

In 1990 we uced one l~er (Spectrm-Phymics ‘1900

spin state In order to u-e both l~ers {or r~cl)
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state, u I&ehry to change the helicity of :he lMer beanls

from U+ to cr– and tune l-r frquenc.es ta both u+ and

u- traditions. The trmsitions are separsted by 2.00 cm -1

in the 16-kG magnetic fi~ld 0[ the polariaer cell.

The frequency of the lMers is determined bj their tun-

ing elenlents. Each !a.ser has a bir~fringent filter ( BRF),

a thin etalon with a 7-CIII‘1 free spectral range (FSR),

and a tentperature-~t abili~ed thick ●talon with a 0.67 cm- 1

FSR. The stalon ~tack i~ chosen to reduce the laser band-

width to about 500 MHz to better match the K-absorption

Iinewidth. Tilting or changing the temperature of the thick

ctalon giv~ essentially continuous tuning in a 0,67-cnJ -‘

range. Tilting the thin etalon causes the frequency to junlp

in quanta of 0.67 cm- 1, one thick etalon nlode. Thus, tun-

ing the liners from u+ to a– requires tilting the thin etalon

to hop three thick-etalon modes, or 2,00 CIII”- 1.

The micrometer positioners for the BRF and thin etalon

have been replaced with conlputer-controUed stepping-

motor micrometers (Oriel models ]8500 and 185 12). When

a spin flip is desired, the nlicronleters nlove the approx.i-

nlate dtitance to hop three thick-etalon nlodes. A feed-

back loop then peaks the l~er power with the BRF and

thin etalon, The frquency of the hwer is con firn~ed with

a wavemeter and corrected if necessary, The final system

will flip spin in under 10s.
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Figuw 4: H“- polarization (circles) as a [unction O(

pumplaser detuning from K I.inc renttr, ‘rht polmimation

rmmirm high for d?tullings within + 001 Cm” 1 ( +300

Ml!s). The transmission of the l~u twain through the

target (cromcs) ‘.- an operationally uccful r?lalive

indication of polarisation.

Th? t?lilpcraturc-contlolltd ●tablllsatir)n of th~ thick

rtalont Iilnit- the frrqutnry drift t{) witl~ill k ~1,01 rtll 1;

this drift hu Illlnilnal rff-tVIIprdatlsritl,~ll M Illuntratcd

in Fig, 4 FWI this l~l~thod to QUCCW(I, the FSR of th~

thick etalot,s iu the two Iuers must be cloIJAy matchd to

each other and to the U+/u - splitting detcrmin?d I-IVtll~

magnetic field. Our two etdons have a frequency change

of 1.980 and 1,965 cm- 1 per three mode hope. Thp III-

pcrconducting magnet haa been adjusted slightly to giv~ a

1.97 Cln-1 splitting between the U+ and u- transition ill

K.

The two Iaaer beamn are combined with little pow~r low
and with parallel polarisationn by using a nharp-dgcd nlir-

ror. The b~an~s are about 3 mm apart at the mirror allci

●ssentially overlapping when they reach the ~ourcc 8 III

away. A Pockels cefl (Quantum Technology QK.24) trans-

fortns the linearly polarised beams into o + or -- htlicity,

depending upon the appfied voltage.
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